Research into the effectiveness of a mathematics intervention course for first year engineering students revealed anomalous results in relation to student persistence. While previous studies of performance of college engineering students showed that ACT Math scores were highly linearly predictive of student persistence outcomes, the study in question did not show similar results. The study revealed an interaction between ACT Math and high school GPA for students that completed the course. The results showed an inverse relationship between ACT Math and persistence in college engineering when high school GPA crossed effects were included. It was hypothesized that a change in mathematics self-efficacy may play a role in the improvement in graduation rates of students with above average high school GPAs, but below average ACT Math scores, subsequently named Support Seekers. Support Seekers showed improved graduation rates disproportionately higher than other groups. A new mathematics self-efficacy measurement tool was needed to determine if a change in mathematics self-efficacy occurred as previous iterations of the Mathematics Self-Efficacy Scale (MSES) and Mathematics SelfEfficacy Scale Revised (MSES-R) were not adequate in showing a change in self-efficacy over time. This paper reviews the development of the newly revised mathematics self-efficacy tool, the effectiveness of the tool and the outcome of the effectiveness of the mathematics intervention course on improving mathematics self-efficacy of freshmen engineering students.
Introduction
The ability and usefulness of determining students' mathematics self-efficacy has been well documented (Lent 1991 (Lent , 2008 . To date, this process has been used to determine student mathematics efficacy in a global sense and has provided a snapshot in time of what perception students have of their own mathematics ability. This has a limitation on the ability to measure the change in efficacy a student may experience over time, however.
It is to be expected that students' mathematics ability will improve, if not their belief in this ability, and therefore the content of a self-efficacy measure must match the level of the student at the time in which they take the survey. One can imagine that the self-efficacy measure for a junior high school student would have much different content than that of a college freshman; that difference is fairly obvious.
This study attempts to develop a self-efficacy measurement method that may be used to determine if a change in self-efficacy occurs over one semester while students take a mathematics intervention course (EGR1010) which covers topics ranging from trigonometry through differential equations. The course includes lecture, lab, and recitation sections and is taught using engineering context for the mathematics material. The ability to measure this change may provide greater understanding of the success of the course which has been discussed in previous papers. (Klingbeil 2012) The assumption is that self-efficacy may play a role in helping students graduate with engineering degrees even while not having traditionally strong backgrounds in mathematics.
The goals of the study are as follows:
A. Develop a survey mechanism to accurately record student efficacy in mathematics and engineering for pre and post course use to measure if a change in self-efficacy occurs. B. Validate the survey tool from the data collected to determine if the survey components provide adequate feedback for assessment of question levels and consistency among survey results. C. Analyze the data to determine the nature of any change from the pre and post survey represented in the student responses. D. Align any conclusions with those of the ACT Engage survey to further explain the previous findings regarding the success of EGR1010, especially for the Support Seeker group.
Survey development
The efficacy survey utilized in this study is a refinement of the Mathematics SelfEfficacy Scale Revised (MSES-R). MSES-R does not provide sufficient engineering context, and is not useful as a tool to measure change in efficacy (Barker 2010 , Burnham 2011 . The refined instrument was not primarily intended to provide an absolute measure of a student's efficacy. The goal was a tool that can be utilized to compare pre-course and post-course results or compare different students in one cohort.
The following analysis expands the insights from a previous study whereby the efficacy measure was further developed through an understanding of the student group based on mathematics-specific efficacy (Bourne, 2014) . This study developed the Academic Performance Commitment Matrix (APCM) which shows how student perceptions taken from the ACT Engage survey may be used to demonstrate success in academics when viewed through the cross section of ACT Mathematics score and high school GPA when dividing students into quadrants of above and below average means of each measure.
Because self-efficacy is best tested as a subject-specific measure (Lent, 2008) determining a mathematics content for engineering students is a challenging proposition. Given the varied nature of different engineering disciplines, however, mathematics content present in all engineering disciplines provides a unifying basis to generally measure efficacy in engineering students. Where previous attempts at measuring the effectiveness of EGR1010 through mathematics efficacy utilized non-context oriented questions (Barker 2010 , Burnham 2011 , the revised survey developed for this portion of the research provides a tool designed around both mathematics content and engineering context. Two survey instruments were used, one in the first week of the EGR1010 course in Fall 2013 (the pre-course survey), and one in the final week of the course (the post-course survey). The pre-course survey, shown in Appendix A, has three levels of questions with increasing difficulty, labeled ESY, MED, and HRD. Each difficulty level has six questions. In the postcourse survey, shown in Appendix B, there are also three levels of questions with increasing difficulty. Identical questions from the pre-course survey were used for levels MED and HRD in the post-course survey, and a new level ADV was added. Students were asked to rate their Page 26.1142.4
confidence (on a Likert scale of 1 to 5) in their ability to solve each question given they were to take a course covering the type of question being asked.
ESY questions represent mathematics topics the students should have covered in previous courses as a prerequisite to EGR1010. Topics in trigonometry, basic physics and algebra II were used.
MED questions represent mathematics topics taught in the first few weeks of EGR1010. Students may or may not have seen these concepts in earlier coursework, but will certainly cover them by the end of the EGR1010 course.
HRD questions represent information that students most likely have not seen in earlier coursework before EGR1010. This includes Calculus I and II concepts as well as those from introductory engineering courses like Statics and Circuits I.
ADV questions represent information that students mostly likely have not seen even after finishing EGR1010 and that are typically found in advanced level engineering courses (beyond introductory courses). Courses in thermodynamics, advanced physics, or later calculus courses cover these advanced concepts.
These surveys were used for two fundamental purposes: First, students are expected to assign identical questions on the two surveys with a higher confidence in the post-course survey. Second, students are expected to rate their confidence similarly on questions of similar difficulty, relative to their stage in the curriculum. Questions from the first survey are identified with a subscript 1 followed by the unique question number. Post-survey questions are identified with a subscript 2 followed by the unique question number. For example, MED question 4 will be labeled MED14 in the pre-course survey and MED24 in the post-course survey.
Analysis points for Goals B and C:
1. Students will increase their confidence in answering identical questions. 2. Students will increase in their confidence in answering matched levels of questions.
(ESY-MED, MED-HRD, HRD-ADV) 3. The Survey instruments will show that students perceive the questions by difficulty of question type. 4. The change in student confidence will further support the APCM findings from the Engage Survey.
Testing the Pre-Course Survey
In order to provide a minimal analysis of the survey to ascertain that the questions were at least measuring a similar subject matter factor analysis should be performed to determine the underlying variables of a survey. Factor analysis determines the minimum number of underlying variables in a data set by testing for a covariance of these variables. It is important to note that factor analysis does not assume that the magnitude of the variables are similar, just that these factors demonstrate covariance to the degree that they are aligned (Tucker, 1973) . In this case the study assumes that the underlying variables are the question levels and the student responses Page 26.1142.5
would vary within each level. A factor analysis using Varimax Rotation of the first survey using a 3 factor assumption is shown below in Figure 1 . Ideally students would accurately perceive three distinct difficulty levels. In reality students mostly assigned questions into 2 levels. In either case, the Cronback alpha values remained above .8 for all questions and correlation matrix revealed only slight correlations among items (Appendix C). ESY13 and MED16 were the only factors identified as being part of a third difficulty level. Figure 2 shows a factor analysis for the same responses using only 2 factors. ESY13 and MED16 are assimilated into the second factor in this analysis. The revised analysis in Figure 2 shows that two factors are sufficient for explaining the difference in student perception of the test question. While the expected three distinct factors did not emerge in the student responses, the students rated the difficulty of the ESY questions consistently, and grouped the MED and HRD questions into one level. This may be explained by the student's ability to perceive differences in the question types based on their experience. ESY questions were prerequisite to the EGR1010 content. The other two types (MED and HRD) were not yet seen by many of the students and their difficulty was therefore perceived in the same way by the students. Maximum Likelihood / Varimax Rotated Factor Loading In the three factor model, MED16 and ESY13 are separated and significant. For future iterations of the survey, it will be necessary to review the content of these two questions. Examining their similarities to each other and differences from the other questions of the same level should lead to an understanding of what caused the different student perception.
Testing the Post-Course Survey
Similar to the pre-course survey, the post-course survey results were analyzed using factor analysis. As with the pre-course survey, the Cronback alpha values remained above .8 for all questions and correlation matrix revealed only slight correlations among items (Appendix D). In this post-course survey analysis, there was more obvious alignment in two factors. MED and HRD factors were grouped together in student perceptions and ADV questions formed a second factor. This is in contrast to the pre-course survey, where ESY questions were separate. In the post-course survey, all MED questions were grouped with most of the HRD questions. The results for two HRD questions were ambiguous with no significant alignment to one or the other factor. Maximum Likelihood / Varimax Rotated Factor Loading As with the pre survey, the alignment of factors may be due to student perception. The students may see MED and HRD questions as easier after taking EGR1010. Alternatively, it may be that the ADV questions are just more difficult. Further study into the exact meaning behind the Page 26.1142.7 student answers is necessary to more precisely understand student perceptions. The observed grouping of questions roughly into the expected groups for similar question level is encouraging.
Next, regression analysis was utilized to analyze these components more globally, rather than question by question, in order to ascertain if the overall value of question level corresponds to difference in average score. This type of one dimensional analysis is the hallmark of this type of research and may be where many studies conclude. While this analysis yields a strong indication that the students see the question types as different across the pre-course and postcourse tests, this study will endeavor to include the full range of two dimensional analysis to provide deeper analysis into the findings. Figure 5 shows results of a comparison of mean confidence levels for the four question levels given on the pre and post-course surveys. It is consistent with the design of the survey that the students rated easy questions highest (most confidence) to advanced questions lowest (least confidence). While MED and HRD questions were used in both surveys, it is important to take a step back and evaluate the data collectively to ascertain if ESY, MED/HRD, and ADV are scored in some order of expected value. Further specification of pre and post analysis is discussed later and shown in Figure 8 to provide further explanatory value with respect to time.
Figure 5 Comparison test of Pre and Post survey question levels
Overall, the analyses of the pre and post-test support its use as a method for measuring the change in efficacy. The designed question levels are perceived by students to be significantly different. Therefore changes in student scoring between the pre-and post-survey should provide insight into the effect of EGR1010 on student efficacy in relation to mathematics.
Efficacy Survey Findings
Regression analysis was used to determine how the student responses to the survey were associated with the following coding used for categorical variables: timing pre (1) or post (2), level of question (ESY, MED, HRD, ADV), and APCM group of each student. In the results that follow, the four APCM Groups when separated are coded A (Achievers), S (Support Seekers), P (Purpose Seekers) and P&S (Purpose & Support Seekers). The overall JMP analysis is shown in Figure 6 . It is important to note that previous iterations of the regression utilized a full factorial method and generated biased results and very weak correlations for all but the twodimensional and single variables shown below. The results below were achieved after reducing The level of question, timing, APCM group and the interaction of APCM with level and timing were all significant. This is strong evidence that the average student's confidence reported for each question level was different, consistent with Figure 6 . These results also indicate that the reported confidence level depends on the timing of the question. This supports the hypothesis that there is a change in how students perceive the difficulty of similar questions due to taking EGR1010. Also significant was that the APCM group of each student affected their scoring. The significance of the interaction of APCM with both timing and level indicate a more complicated relationship linking the effect of EGR1010 on the perceptions within different APCM groups. Figure 7 studies the relationship between APCM group and question timing in more detail. 
Summary of Fit

Figure 7 LS means Student's t for APCM type and survey question timing
The following conclusions can be drawn from the values observed in Figure 7 : 1. Achievers assigned the highest confidence in both the pre-course and the post-course survey, statistically tying in the pre-survey. Surprisingly, the Purpose and Support Seeker's confidence in the pre-course survey could not be distinguished from the Achievers confidence in the same survey. Other research has reported that students in this group may have abnormally high regard for their ability (Kamarraju, 2013) 2. Support Seekers reported the lowest confidence of any group (2.83) in the pre-course survey. In the post-course survey this group reported the second highest confidence, which was not distinguishable from the Achievers on the post-course survey. This change of 1.32 points is by far the most of any group between the surveys. This supports the very strong overall effect that EGR1010 has on the Support Seekers. This confirms one of this study's main hypotheses that Support Seekers gain the most from the curriculum of EGR1010 because of the improvement in Efficacy they receive from the course. The increase most likely accounts for the continued success they have through to graduation. Figure 8 shows the analysis of the interaction of question level and timing. This figure further explores the findings in Figure 7 that show a significant difference between question levels.
Figure 8 LS means Student's t for interaction of question level and timing
The following observations are evident from Figure 8: 1. The easy questions from the first survey were scored with the highest confidence of any question. 2. The ordering of student confidence is consistent with the designed question difficulty within each of the pre-course survey and post-course results. The easier questions within each survey were rated with higher confidence. 3. Confirmation of the hypothesis that students would score similar questions to be less difficult after taking the class compared to before. In comparison of identical questions, (MED, 1 versus MED, 2) and (HRD, 1 versus HRD, 2), responses from the post-course survey were significantly higher than their pre-course survey counterparts. 4. The ADV questions in the post-course survey were scored significantly higher than the MED and HRD questions from the first survey. Overall, students felt more confident in their ability to solve problems after the course. This confidence extended to the more advanced engineering problems found in the ADV examples, which were well beyond the topics covered in EGR1010. Figure 9 details the analysis of the interaction between the level of the question and the APCM group, for further dissection of data additional criteria of including the first and second survey is included in Appendix E. The following observations are evident: 1. The confidence reported by Purpose and Support Seekers for the MED, HRD and ADV scores are concentrated and not significantly different. It appears that many of the students saw no difference between the questions. This may imply that the questions were perceived as universally hard. Alternatively, it is possible that they simply answered identically throughout the survey (3 for every answer). 
Figure 9 LS means differences Student's t for APCM group and question level
Conclusion and Discussion
The study demonstrates the ability to measure changes in mathematics self-efficacy over the course of one semester in which students took a mathematics intervention course. Further analysis of the survey tool shows that it provides a high level of reliability and that it may be used to further demonstrate understanding about the impacts of a mathematics intervention.
The study also shows that students' efficacy improved while taking EGR1010, supporting the APCM framework. Each student group in the APCM perceived mathematics questions before and after the course differently. Students felt they would do better on future mathematics work after the course as evidenced by their change in view of the MED and HRD questions from survey 1 to survey 2; this also supported the APCM framework which meets the goals of this study.
Overall, students showed an increase in their perceived ability to answer mathematics questions after taking EGR1010. This increase was strongest in the Support Seekers group. This is the same group that had the highest increase in graduation rates in the longitudinal study. A multi-dimensional study of the level and timing of questions support the theory that APCM provides a framework for effectively describing and assessing the student population in open enrollment schools like the one in this study.
The survey should be reviewed for possible improvements. Determining the full issue in relation to students seeing MED and HRD questions similarly will help identify if changes need to be made. With this in mind, the survey was not designed or tested to provide an absolute measure of efficacy, and yet the survey was able to serve its purpose in identifying a change in student perception of their ability to answer mathematics questions. The survey may, however, be used as an absolute measure of student efficacy in mathematics with further study. To do this, the survey should be more fully vetted for accuracy and precision. Further understanding of the numeric values from the survey in terms of defining efficacy would be useful, including a potential one-to-one mapping of a survey result to an absolute efficacy scale.
Further analysis should be done with regards to the ability of this survey structure to be applied to other measurements. Additionally, the survey questions may be modified to provide greater separation between question levels. This change could provide greater understanding of student perceptions with specific question levels and difficulties.
Future studies may include measuring the decrease in efficacy that is presumed to occur in mathematics specific courses leading to student attrition, or in courses at different levels of academic experience. 
Appendix B -Post-Course Revised Efficacy Survey Mathematics Problems
Please indicate how much confidence you have that you could successfully solve each of these problems if exposed to the course material by circling the number according to the following 5-point confidence scale.
1. A 1.5 kg rock released from rest at the surface of a calm lake. If the resistance offered by the water as the rock falls is directly proportional to the rocks velocity, the rocks acceleration is a=g-Cd(v/m), where g is the acceleration due to gravity , Cd is the constant drag coefficient, v is the rocks velocity, and m is the rocks mass. Letting Cd=4.1kg/s, determine the rocks velocity after 1.8 seconds. 
